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Abstract 
Despite the wide diversity of available solar technologies, solar energy systems are still not considered as main 
stream technologies in building practice. This may be attributed to several factors such as lack of awareness and 
knowledge among architects, lack of tools supporting the design process, and lack of solar products designed for 
building integration. In order to address these issues, the IEA SHC Task 41 “Solar Energy and Architecture” was 
carried out during 2009 to 2012. The main aim was to promote the use of solar energy systems within high quality 
architecture. The main expected outcome is an increased use of solar energy in buildings, reducing the non-renewable 
energy use and GHG emissions. Fourteen countries participated. The work was organized in three subtasks: A) 
integration criteria and guidelines, B) tools and methods for architects, and C) case studies and communication 
guidelines. This article presents an overview of the Task’s activities and results. The results include an inventory of 
computer tools, a literature review, a survey on solar systems perception and use by architects, a survey on needs 
regarding tools for solar design, recommendations for computer tool developers and different guidelines for solar 
product developers and architects. Finally an extensive collection of more than 250 case studies with integration of 
solar systems was evaluated and resulting in the online publication of around 65 selected cases demonstrating 
inspiring solar architecture. The results of Task 41 are also currently being disseminated through seminars and 
workshops for building professionals. 
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1. Introduction 
Among the solutions to the global energy crisis, the exploitation of solar energy is certainly one of the 
most promising ecological avenues. According to a recent report [1], solar energy has the theoretical 
potential to meet the global energy demand by about 2850 times. A transition to renewables-based energy 
systems is looking increasingly likely as their costs decline while the price of oil and gas continue to 
fluctuate. In the past 30 years solar and wind power systems have experienced rapid sales growth, 
declining capital costs and costs of electricity generated, and have continued to improve their 
performance characteristics [2]. In addition, since buildings use more than a third of national energy 
budgets in industrialized countries, and since solar energy can be used directly close to end-use as free 
daylight, passive solar heat or as heat and/or electricity from active systems, there are great advantages to 
develop envelope-integrated solar systems since they avoid long transportation and/or conversion losses.  
Given these facts and considerations, it is surprising to find that solar energy systems are not more 
widely spread into the general building practice. Traditionally, the economical issue has been dominant in 
this debate. However, as renewables-based energy systems costs decline while the price of oil and gas 
continue to fluctuate, the economical issue is slowly losing its rationale. Some other factors seem to 
deserve consideration, for instance a general lack of awareness and knowledge of the different 
technologies among building professionals, a general reluctance to use “new” technologies and finally, 
last but not least, limitations stemming from architectural and aesthetic considerations in relation to the 
integration of solar systems [3].  
In order to address these important issues related to architectural barriers, the IEA SHC Task 41 ‘Solar 
Energy and Architecture’ was initiated in 2009 by the International Energy Agency, as a three-year 
international project, with leadership from Sweden. Task 41 involved professional architects, researchers 
and educators from 14 countries: Australia, Austria, Belgium, Canada, Denmark, Germany, Italy, 
Norway, Portugal, South Korea, Singapore, Spain, Sweden and Switzerland.  
One of the founding arguments for initiating Task 41 was the consideration that solar technologies for 
building use have an important impact on the building’s architecture. Due to the large size of solar 
systems in relation to the scale of the building envelope, the quality of their integration has a major impact 
on the final architectural quality of the building. Furthermore, experts in this field have observed that a 
poor architectural quality of the integration into the building envelope may hinder the acceptance and 
spread of solar technologies.  
Task 41 has demonstrated that the architectural barriers have three main components: 1) active 
technologies, solar thermal in particular, are characterized by a limited diversity or range of products 
designed for building integration, stemming from the generally limited knowledge of manufacturers about 
architecture, 2) the architects’ knowledge is in general incomplete regarding the possibilities offered by 
available technologies and innovative products 3) the market clearly lacks tools for architects to quantify, 
illustrate and communicate the effect of various solar applications, at the early design phase (EDP) when 
major design decisions (about building shape, openings, orientation) are taken. 
The IEA SHC Task 41 focused on these architectural factors with the main aim to accelerate the 
development of high quality architecture for buildings integrating solar energy systems. A secondary 
objective consisted of improving the qualifications of architects regarding solar energy systems and 
technologies. The scope of Task 41 included residential and non-residential, as well as new and existing 
buildings, for the climatic zones of the 14 participating countries. The majority of selected case studies are 
individual buildings, but also a few urban areas are included. This article presents an overview of Task 
41’s activities and main results.  
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2. Method 
The Task was structured according to three Subtasks: a) architectural quality, b) tools and methods for 
architects, and c) case studies and communication guidelines. 
Subtask A was based on earlier research regarding the issues about criteria for quality architectural 
integration [4]. An internet-based survey was carried out to investigate architects’ needs for 
increased/better use of active solar in their architecture and to help identify barriers. Based on identified 
needs, guidelines were developed for architects and manufacturers of solar components and systems. 
Innovative examples of building integration of solar components were selected to serve as inspiration for 
further developments and as help to architects in their work.  
In Subtask B, an inventory of available digital tools used by architects in contemporary practices was 
compiled. Subsequently, an internet-based survey was carried out to identify architects’ barriers, needs 
and criteria for improved tools and methods to support architectural solar design at the EDP. The main 
findings of the survey are communicated to tool developers. In addition, examples of tools and their 
possibilities and limitations are illustrated in a document for architects.  
The web-based surveys in Subtask A and B were conducted internationally, in 14 participating 
countries. The questions and layout of the surveys were developed during the IEA SHC Task 41 meetings 
with the collaboration of international experts that included researchers, academics and professional 
architects. The survey’s target group consisted mainly of architects and other building practitioners. The 
surveys were launched on the internet in each country by their national coordinator of Task 41, by using 
national architectural organizations’ websites, announcements in magazines and newsletters. In some 
countries, the survey respondents were directly recruited by e-mail selected from national databases of 
building professionals. For further details, see [5, 6]. 
Subtask C worked on collecting and proposing more than 250 examples of buildings and a few urban 
areas with integration of passive and/or active solar systems. These were evaluated by a broad range of 
trained architects from universities, research institutes, dissemination organisations and professional 
practices. The evaluation process focused on criteria of specific importance with respect to architecture 
and energy: 
x The overall global composition: How solar energy is integrated in the whole concept of the building 
and contributes to high architectural quality; 
x Detailed description of surface and materials: How solar energy is used in considerations of design that 
contributes to architectural quality; 
x Added value and functions: How solar energy contributes to spatial experiences or other added values 
that contribute to architectural quality. 
The selected examples were further documented and a website was created to present and enable 
download of the case studies. In addition, a communication guideline was developed in order to stimulate 
an increased use of solar in energy conscious building design. The Communication Guideline is a tool to 
support architects in their communication process with especially clients, authorities and contractors. 
3. Results and discussions 
The results are presented in three subsections below, corresponding to each Subtask. 
3.1. Subtask A: Criteria for architectural integration of active solar products and systems 
The main goals of Subtask A was to help architects make a better and broader use of active solar 
systems in their buildings, and help solar manufacturers improve the integrability of their products. 
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As a start, an international survey was carried out to identify barriers that architects are facing when 
using active solar technologies [5]. The results showed on one hand an overwhelming interest in solar 
technologies and active solar design solutions (80% ranking these issues as important), on the other hand 
a very low use in the actual practice (less than 10% for photovoltaics (PV) and less than 20% for solar 
thermal (ST))! Passive and daylighting strategies are still more commonly used (69% for passive and 79% 
for daylighting) than active systems.  
The results showed that economic issues are the main barriers, both for solar thermal and 
photovoltaics, followed by a lack of architects’ knowledge and lack of targeted information on solar 
systems, with similar impact (Fig. 1). Concerning the products, the survey highlighted a difference 
between solar thermal and photovoltaics: for solar thermal, product availability is one of the main 
barriers, while only ranking a 9th place for PV. This confirmed the necessity to develop innovative ST 
products, designed from start for building integration. 
 
 
Fig. 1. Barriers for widespread integration of photovoltaic (PV) and solar thermal (ST) systems in architecture – all countries, 439 
respondents, 2765 selections for PV, 2111 selections for ST [5] 
Having no direct impact on economical issues, Subtask A concentrated on removing the two other 
major barriers: architects’ knowledge and the lack of suitable products. 
To support architects, comprehensive guidelines were developed, focusing on integration issues 
brought by solar thermal and PV systems [7]. This document summarizes the knowledge needed to 
integrate active solar technologies (solar thermal and photovoltaics) into buildings, handling at the same 
time architectural integration issues and energy production requirements. After a common section 
describing architectural integration criteria, solar thermal and photovoltaic technologies are treated 
separately in the report. These sections offer main technical information about each technology, 
constructive/functional integration possibilities, system sizing and positioning criteria, and formal 
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flexibility offered by standard products. Good examples of integration are presented, showing ways to
make the best use of available products in the architecture. In addition, innovative market products,
specially adapted to building integration, are presented (see examples in Fig. 2). The guidelines are 
completed by a short section on the differences and similarities between solar thermal and photovoltaic 
systems, which should help architects make energetic and architecturally optimized use of the solar 
exposed surfaces of their buildings.
To address the lack of good products for building integration, criteria and guidelines were developed
for manufacturers of solar components and systems [8, 9]. These guidelines are divided in two separate
publications, addressed respectively to manufacturers of photovoltaic and solar thermal systems. These
two documents follow the same structure and are based on a common theoretical work. They describe the
main criteria for a successful integration of solar systems in buildings and propose a methodology for the
design of systems specifically conceived for building integration. For each specific solar technology and 
sub-technology, they provide a comprehensive set of practical recommendations that should lead to the
production of new systems appealing to architects.
Finally, the lack of knowledge on adapted products for building integration has also been addressed by 
setting-up a website presenting innovative products [10]. The website is targeted to architects and has
three sections: photovoltaic, solar thermal and hybrid systems. By choosing a specific technology and 
integration approach (roof integration, façade integration, balcony etc) the user gets a selection of 
appropriate products, presented in the form of A4 sheets. These sheets, which can be downloaded, include 
product information, contact details and pictures, both of the product alone and in situation on buildings.
A more detailed description of Subtask A can be found in [11].
Fig. 2. Innovative photovoltaic products on the market
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3.2. Subtask B: Tools and methods for solar design  
A successful integration of passive strategies and active solar technologies can only be achieved if it is 
considered at the earliest stages of the design process. Do architects have the right tools to perform this 
integration of solar strategies and systems? This central question was examined by experts involved in 
Subtask B. 
The first step of this process consisted of gathering a detailed overview of the available digital tools. 
This resulted in the publication of an inventory of 56 software tools [12] which were grouped according 
to three categories: CAAD tools (23), visualization tools (13) and simulation tools (20). In general, the 
inventory showed that most tools are better suited for the detailed design stage rather than for the EDP, 
and that the majority of tools have limited features regarding various aspects of solar design. In particular, 
it was shown that tools are generally too systemic (not allowing to address a single solar system such as 
solar thermal) and do not allow a realistic visualization of the results at the EDP, which is key to selling 
the solar concept to the client. 
The next step in Subtask B’s work consisted of identifying the obstacles that architects are facing when 
implementing solar strategies and technologies in their designs. In order to address this issue, an 
international web-based survey was launched in the 14 participating countries. The response rates were 
lower than expected. However, the results from the survey are in line with results of previous 
investigations in this field. Some of these results are stated below but more information can be found in 
Subtask B’s survey report [6]. The respondents were predominantly architects (89%), with more than 10 
years of practice (72%), working in firms of various sizes and on a large diversity of project types, mainly 
within their own country (70%). Although 82% of the respondents declared the use of solar energy 
important, a detailed analysis showed that, for many, this involved predominantly daylighting and passive 
use of solar gains for heating. Active strategies were used only by a minority of respondents. 
Challenges regarding digital tools identified by the survey include poor skills regarding solar or energy 
simulation tools, and commonly held perceptions that these tools are too complex, too expensive, time-
consuming, not well integrated into CAAD software, or simply not suitable for the EDP. Only 2% of 
respondents were satisfied with the existing tools (Fig. 3). Additionally, the results showed that tools need 
to be simpler to use, that the interoperability between software needs to be improved, that tools should 
provide key data about solar energy aspects as well as explicit feedback to the architect. Finally, tools 
need improved visualisation capacity, especially for active solar energy systems, since visualisation is one 
of the key elements contributing to convincing clients and client’s advisors to use active solar systems in 
the project [6]. The research yielded important insights about how to improve digital tools for architects 
to make it easier to integrate solar systems into building designs. 
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Fig. 3. Distribution of answers about barriers related to the use of the tools for the architectural integration of solar design (number
of selections = 685)
Based on the survey results, 19 CAAD and building performance simulation (BPS) tools for solar
design (active, passive and daylighting) were selected and further documented in a report to architects.
This report shows typical output and possible results obtained by using the selected CAAD tools, in order 
to provide inspiration and incentive for using the tool(s). The outputs and results were produced by using
the same building model as input for all tools, as far as possible. In addition, the second part of the report
presents three exemplary case stories conveying valuable experiences and describing different design
approaches (which tools were used and how the use of solar design tools influenced the design process 
and final architectural design) [13].
Another deliverable of Subtask B was a set of 3D parametric CAAD objects developed by ISAAC in
collaboration with IDC AG, Switzerland [14] and which are compatible with both Graphisoft ArchiCAD
and Autodesk AutoCAD. The main goals of the new objects were to accelerate the rendering process
when integrating PV systems in building design, to facilitate and stimulate the use of BiPV (Building 
integrated Photovoltaic) systems by architects and designers and to improve the architectural quality of 
BiPV systems. Hopefully, showing the usability of such objects will inspire many manufacturers of solar
components to develop their own CAAD objects so that a whole database of solar objects on the market
can soon be available for architects. This will also support their communication ability towards their
clients.
Finally, a dialogue with digital tool developers was initiated with the intention to clarify the needs 
regarding digital tools expressed by architects [15]. A more detailed description of Subtask B is found in 
[16].
3.3. Subtask C: Case studies and communication
The evaluation of more than 250 case studies resulted in around 65 projects from 11 countries, which
were selected as inspiring examples of solar architecture. These were further documented and included in
the Collection of Case Studies [17]. The selected case studies represent different types of new and 
renovated buildings, using active and/or passive solar strategies. The Collection of Case Studies will be
available at the IEA SHC Task 41 website (www.iea-shc.org/task41). Case studies can be downloaded
based on own choices from the available various categories: Solar Technology, Project Type (new build 
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or retrofit), Country, Architectural Typologies, Building Type and Construction Year. These selected 
innovative examples show that already today appealing and energy-efficient architecture can be achieved 
using solar energy in buildings, see Fig. 4.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 4. The Collection of Case Studies shows a wide range of projects demonstrating solar energy in architecture: added to the 
building, integrated in or replacing roof/facade, as freestanding structure or form, optimized for solar energy 
Since one barrier for the architect is to convince the client at an early design stage to use solar energy, 
a guideline to support architects during this phase has been developed [18]. This Communication 
Guideline has the goal to support architects in their communication process with especially clients, 
authorities and contractors. Today, the energy performance of solar solutions is well documented and well 
known especially in the “technical environment”. This knowledge, however, needs to be communicated 
in a convincing way to the decision makers in order to ensure a broad implementation of sustainable solar 
solutions in future building design. The Communication Guideline includes convincing arguments and 
facts supporting the implementation of solar based design solutions. The Communication Guideline is 
divided in three main parts: 
x Part 1: Convincing clients to request and commission solar buildings 
x Part 2: Communication strategies at the design/ construction team level 
x Part 3: Tools and References. 
 
A more detailed description of Subtask C is found in [19]. 
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4. Conclusions and outlook 
This article presented the overview of activities and results of IEA SHC Task 41 Solar Energy and 
Architecture. All Task 41 results will be available via www.iea-shc.org/task41. Task 41 focused on three 
main components related to architectural barriers i.e. 1) limitations of active solar products for building 
integration, 2) architects’ limited knowledge regarding the possibilities offered by available solar 
technologies and products and 3) a lack of tools to quantify, visualize and communicate the effect of solar 
systems at the EDP.  
The work within Task 41 showed that although good examples of solar components and architecturally 
appealing solar buildings exist, there is still need for further developments in terms of products, tools, and 
skills. More products are needed with improved flexibility in sizes, surface textures and colours, jointing 
etc, as well as dummy elements (with the same appearance as active elements), which could be used on 
parts of facades and roofs not suitable for active elements. On the other hand, thanks to the growing 
interest of architects for solar use, manufacturers are becoming increasingly aware of the need for new 
products specially adapted to architectural integration, or at least for an increased flexibility in their 
existing products, leading to novel development activities also in the less developed field of solar thermal 
integration. 
Subtask A also showed the need for dissemination of existing knowledge regarding solar energy 
applications, innovative products and solutions. Seminars and courses for practising architects and 
students in architecture and engineering are needed. Fortunately, one of the important deliverables of this 
Task is production of workshops and seminars for architects in the participating countries. Some of these 
workshops have already been held with positive outcomes. However, the current curriculum within 
schools of architecture offers a limited range of courses regarding energy-efficient buildings in general 
and solar energy issues in particular. Increasing the offer of courses in these key areas would certainly 
contribute to accelerate the development of solar architecture around the world.  
Subtask B showed that many digital tools can handle solar energy issues but these tools are mainly 
suitable for engineers and for an advanced design phase. Tools for the EDP, when key formal building 
decisions are taken, are still very limited or not integrated in the normal workflow of architects. Such 
tools are needed to support the architects in their work and also to support their communication with the 
client, the municipality for building permits, consultants etc. Tool developments as well as development 
of CAAD objects for solar components are therefore urgently needed. 
As part of the Subtask C activities, a considerable amount of architecturally inspiring solar buildings 
has been identified. This is encouraging since good examples of buildings and architecturally well 
integrated solar systems are important, both to convince architects and clients and to make the buildings 
welcome in the built environment. However, architecturally inspiring examples of energy-efficient 
building renovation with solar are few and need to be encouraged further. Our vision – and the 
opportunity – is to make architectural design a driving force for the use of solar energy! 
Good examples of urban areas with a conscious planning of solar energy use and energy-efficient 
buildings were originally planned to be part of Task 41. However, one important conclusion was that only 
few good examples on solar energy in urban planning exist today and a vast development is needed 
regarding strategies, methods, tools and case studies on the urban level. This could not be handled within 
the short time frame and scope of Task 41. Therefore, a new Task “Solar energy in urban planning” was 
recently proposed within the SHC programme. The development phase of this Task is ongoing, with a 
planned start during 2013. 
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